ABSTRACT. Because they are occurring at an accelerated pace, changes in the livelihoods of local coastal communities, including nutritional aspects, have been a subject of interest in human ecology. The aim of this study is to explore the dietary changes, particularly in the consumption of animal protein, that have taken place in Puruba Beach, a rural community of caiçaras on the São Paulo Coast, Brazil, over the 10-yr period from 1992-1993 to 2002-2003. Data were collected during six months in 1992-1993 and during the same months in 2002-2003 using the 24-hr recall method. We found an increasing dependence on external products in the most recent period, along with a reduction in fish consumption and in the number of fish species eaten. These changes, possibly associated with other nonmeasured factors such as overfishing and unplanned tourism, may cause food delocalization and a reduction in the use of natural resources. Although the consequences for conservation efforts in the Atlantic Forest and the survival of the caiçaras must still be evaluated, these local inhabitants may be finding a way to reconcile both the old and the new dietary patterns by keeping their houses in the community while looking for sources of income other than natural resources. The prospect shown here may reveal facets that can influence the maintenance of this and other communities undergoing similar processes by, for example, shedding some light on the ecological and economical processes that may occur within their environment and in turn affect the conservation of the resources upon which the local inhabitants depend.
INTRODUCTION
Food utilization, a basic concern in all human societies, attracts the attention of scientists from many different areas (Messer 1984, Gossard and York 2003) . From the perspective of human ecology, analysis of the nutritional patterns and diet of a given population may reveal how these factors affect the use of local resources (Colding and Folke 1997 , McDonald 1977 , Begossi et al. 2004 ) and environmental sustainability (Goodland 1997) . Even when part of the food consumed by a given local population is available in their environment, their consumption of it is not usually proportional to its local availability (Hawkes et al. 1982) . Other factors can also contribute to consumption patterns, such as market accessibility, preferences, social factors, and the costs and benefits of pursuing and capturing food items in natural environments (Stephen and Krebs 1986, Dufour and Teufel 1995) .
Moreover, in small societies, especially in rural and indigenous populations, food habits can be profoundly linked to traditional subsistence patterns (Murrieta et al. 1993 , 1999 , Fa et al. 2002 .
Food self-sufficiency in rural Brazilian communities is being continuously reduced because of the growth of urbanization and the change from artisanal cultivation methods to commercial ones (Murrieta et al. 1999) . Besides increasing the dependence of local populations on externally purchased products and altering their relationship with local resources, such changes can affect the nutritional status of a population, with a resulting decrease in the types of food eaten (Fleuret and Fleuret 1980, Pelto and Pelto 1983) .
One way of analyzing the relationship between diet and changes in the use of resources by human groups is from an ecological perspective such as Optimal http://www.ecologyandsociety.org/vol11/iss2/art38/ Foraging Theory or OFT (Smith 1983, Durrenberger and Pálsson 1986) . OFT asserts that human choices aim to maximize the net rate of energy gain, a measure of fitness (Krebs and McCleery 1984) . According to the diet-breadth model that forms part of OFT, foragers choose their diets based on the abundance of different items in the environment, the amount of energy necessary to acquire an item vs. the energy produced by it, and the amount of time needed to manipulate the item (Bettinger 1991) . Therefore, the resource that a forager would most prefer to exploit may not be included in his/her diet if it is rarely found, inasmuch as this would result in a low rate of return. We can measure this using the niche concept. The classical definition of niche (Hutchinson 1957 ) is represented by a hypervolume, meaning that it has "multidimensions," such as all the environmental variables, conditions, and resources needed by an organism. Considering, for example, the animals consumed by one population as one niche dimension, the niche width might be narrower if the forager finds his/her preferred animal items; if not, it is broader.
Understanding the use of resources by small-scale communities living on the Brazilian coast is a necessary step for achieving needed local conservation of forested sites, such as the Atlantic Forest, as well as the associated bodies of water. Moreover, such an understanding might help elucidate the market consequences for the local fishing communities, because these communities are responsible for 40-60% of all Brazilian marine fish production (Silvano 2004) . Furthermore, such communities are located on sites with high biodiversity values, and changes in the way of life of these people may have direct impacts on the local environment. Evaluating such changes may help us to anticipate scenarios of possible consequences, allowing a beforehand decision-making process by stakeholders, when and if necessary. Despite the recognized importance of humans as environmental agents or modifiers (Geist and Lambin 2001) , only a few studies have attempted to observe the consequences of transitional processes for the use of resources. Most studies focus on later environmental and/or social effects, such as game depletion (Alvard et al. 1997) , habitat modification (Happoled 1995) , or the rise in poverty (Ezra 2001) . In this Brazilian case study, we show how simple and standard, widely used methods applied to dietary studies can reveal the scenarios resulting from the ongoing changes and discuss possible future environmental consequences that may be relevant for conservation practices. We investigate the food habits of the fishermen's families who inhabit Puruba Beach, a rural coastal community in southeastern Brazil, and evaluate the changes that occurred in their dietary patterns, especially with regard to animal protein, from 1992-1993 to 2002-2003 . The hypothesis outlined here, which is in accordance with the ecological literature and based on data on food preferences, is that nowadays this population eats a great diversity of animal protein because of the reduction in the number of fish species traditionally used in their diet, on the grounds that the scarcity of the preferred food should lead to a more generalist diet. The results found here may be the only data available on dietary changes over time in communities of caiçaras, the name given to the descendents of Portuguese settlers and Indians who inhabit the coastal areas of the Atlantic Forest in Brazil (Begossi 2006) , and may shed some light on the recent transformations that this type of Brazilian coastal communitiy has undergone. Moreover, because such changes are becoming commonplace not only in coastal communities (Baird and Flaherty 2005, Neiland et al. 2000) but also further inland, the hypotheses and conclusions derived here may be applicable to similar groups in Brazil and anywhere else in the world that local communities keep some of their old management systems but are threatened by unplanned development or resource exploitation.
METHODS
The community of Puruba Beach is located on the coast of the Atlantic Forest in Brazil's São Paulo State at these coordinates: 23º21'02''S and 44º 55'09''W. The community is bordered by a state park, the Parque Estadual da Serra do Mar, which was created in 1977. The establishment of this park led to restrictions on the use of resources by the inhabitants, such as prohibitions against some of the traditional methods used in agriculture, e.g., slash and burn, and in fishing, e.g., the use of nets on the rivers, without providing alternative means of subsistence. In 1992-1993, 14 families made up this community, and by 2002-2003 the number had increased to 22, four of them families of tourists who had abandoned their former lives in large cities. One consequence of factors such as contact with outside people, the improvement in welfare services, and the environmental laws and restrictions imposed by the state park was that the http://www.ecologyandsociety.org/vol11/iss2/art38/ local inhabitants were forced to develop new habits or find substitutes for old ones. For instance, cassava cultivation is no longer practiced at this location, and cheap processed foods are becoming part of the daily diet. Once the residents could no longer carry out traditional rural activities, many of the local population looked for jobs in the closest major city, Ubatuba, about 20 km from Puruba Beach, but a few of them moved to other places, mainly because there are still portions of land being shared among the sons and daughters of the original inhabitants.
To investigate the diet of the inhabitants of Puruba Beach, we chose seven domestic units in [2002] [2003] , which corresponded to all the local families that still included an active fisherman who still fished, at least sporadically. Data were collected during 10-day periods each month for a total of six months (October and November of 2002; January, February, May, and June of 2003), using the 24-hr recall method (Dufour and Teufel 1995) . Every day we registered the food consumption of all members of the domestic units at the two main meals, lunch and dinner. To compare the changes that occurred during a 10-yr interval, we used the data collected by means of an identical methodology in 1992-1993 and corresponding to the same six months (Begossi 1995) . However, in 1992 However, in -1993 , only data concerning the consumption of animal protein were collected. In 1992 , Begossi (1995 collected data on 12 families, three of which were also present during the second period, but with a different composition because of marriage and the birth of children. Data on the animal protein preferences of the residents and on fish landings were also collected in 1992-1993, which made it possible to compare recent choices and changes and to investigate the relationship between fishing and diet during this time. We used a Partition Qui-Square to identify alterations in the frequency of protein consumption. The relationship between fishing and fish consumption was analyzed through Spearman's coefficient of rate correlation using (1) the mass (kg) of fish caught or the number of fish landings in which the most important species, i.e., those representing at least 3% of the catch in mass or in presence in the catch, were present and (2) the frequency of fish consumption. We used Morisita's similarity index to compare food consumption between the two studies. We also used diversity measures, specifically rarefaction curves and the Shannon-Wiener index, to analyze the niche breadth (Hardesty 1975) and to assess the frequency of fish items and other animal products (Appendix 1).
RESULTS
We collected data on 1323 meals in 1992-1993 and 603 meals in 2002-2003 . The average of meals registered monthly was 209 (±9.92) in 1992-1993 and 100 (±31.73) in of the the meals included rice; 80%, beans; 77%, some type of pasta, particularly spaghetti; 51%, vegetables and leaf vegetables; and 30%, cassava flour. Comparable data are not available for the first period. Animal protein was present in 92% and 88% of the meals in the first and second periods, respectively; this difference is significant when compared on a monthly basis (χ² = 32.62, df = 5, p < 0.001).
We observed significant changes between the two studies with regard to the kinds of animal protein consumed (χ²=68.16; df = 7, p = 0.00), mainly because of the replacement of fish, whose proportion of animal protein consumption dropped from 42 to 34% (χ² Using data on meat preference collected in 1991 (n = 20 interviewees), we observed that the local residents had a slight preference for fish over beef, with 45% of those interviewed preferring fish and 40% preferring beef.
Although the two periods were very similar in terms of the fish species most consumed (C H = 0.69), it should be noted that the consumption of catfishes and white mullets (M. curema) decreased during the second period, whereas mullet (M. platanus) consumption nearly quadrupled. Fishes of moderate importance in the first period, such as horse-eye jack (Caranx latus) and whitemouth croaker and sand drum (Micropogonias furnieri and Umbrina coroides), were rarely consumed during the second one (Table 1) .
When we associated fish consumption with fish availability from the fishery, we observed that, in the past, these values were positively correlated in three of the six months studied: February, May, and June ( Fig. 1 ). January presented a very high average, 1992-1993 and 2002-2003 ; n refers to the total number of meals that included some kind of fish as animal protein, NC = not collected. but the standard error (SE = 28.1) is also extremely elevated because of the low numbers of fishing trips with high return in mass (Fig. 1) . In the second period (Fig. 2) , fish consumption changed according to fishery, even during October, when it is possible to observe a largely unpredictable fishery given the high standard error (SE = 15.9). In this case, it was observed that just one fishing trip was responsible for the high return, with the capture of 180 kg of gray snapper (Lutjanus griseus), which was shared among all the households in the community.
Using data obtained from fish landings through Spearman's correlation, it was possible to determine if the most common fishes, in terms of biomass and frequency in fish landings, were also the ones most consumed (Table 2 ). In 1992-1993, we did not observe a significant correlation between the consumption and mass (kg) of fish caught, although there was a significant correlation between diet and number of fishing trips in which the fishes were present (p = 0.03). The same analysis, when carried out for 2002-2003, did not reveal any significant correlation, although there was some indication of a trend (p = 0.07) between diet and number of fishing trips (Table 2 ).
There was no significant difference between the two periods with regard to the diversity of animal protein items consumed (Shannon H' 1992 (Shannon H' -1993 (Fig. 3 , Table A .1). This means that, although a wider variety of fish species was consumed in the first period, few species were eaten more frequently. On the other hand, the higher diversity index of the second period suggests a more equalitarian distribution of the number of times each fish is eaten.
DISCUSSION
In this study, we demonstrate a shift in protein consumption evidenced by the observed reduction in the frequency of animal protein consumption and changes in the type of animal protein consumed (fish or beef). Although the observed dietary changes could be indicative of a better economic situation http://www.ecologyandsociety.org/vol11/iss2/art38/ for caiçaras, our data on preference do not corroborate this hypothesis. For example, if Puruba residents had always preferred beef to fish, even a slight improvement in the local economy would have encouraged them to consume more beef in the recent period. However, data on food preferences suggest that both types of meat, fish and beef, are very much appreciated, with a slight preference for fish. This is contrary to what has been observed, for example, on the northern coast of Brazil, where other kinds of meat replace fish on special occasions (Murrieta et al. 1999) . Moreover, at Puruba, fish is a resource that can be gathered at no cost, whereas beef still costs money.
The reduction or disappearance of some fish species from the diet is intriguing, and we can only speculate as to the cause. Although the damage done by shrimp trawling, especially to fish species inhabiting the sandy bottom (Amezcua et al. 2006) , is one possible reason, there is not much shrimp fishing in the local waters close to the beach. A more likely explanation is that, because of the prohibitions in the legislation governing the state park, the local fishermen restricted the use of nets near the beach, the main habitat of most of these species.
An increase in the dependence on external food and a decrease in the consumption of local natural resources were evident in the lower consumption of eggs and the higher consumption of beef instead of fish. Surveys conducted in communities of caiçaras and the caboclos who live along the Amazon River show that the consumption of fish is usually much higher, between 65 and 75% (Begossi 1995, http://www.ecologyandsociety.org/vol11/iss2/art38/ Murrieta et al. 1999 , Begossi et al. 2004 than the values found for Puruba Beach. However, in recent studies carried out in other caiçara and caboclo communities, it was observed that marketed products were gradually replacing fish, even though fish was still the main source of animal protein (Hanazaki and Begossi 2003; A. L. Silva and A. Begossi, unpublished manuscript) . The importance of external products in the diet is controversial. Studies in Africa showed that the consumption of purchased meals could enrich children's diets as long as they did not have access to low-nutrient western food (Ferguson et al. 1993) . Conversely, Benefice and Barral (1991) compared the nutritional status of settlers and Siona-Secoya Indians living in the same habitat in the Amazon and found great discrepancies between them; the settlers' diet was quite inferior. In Puruba, fishes come mainly from the estuary, generally from unpolluted areas with little or no sewage discharge. With meat, however, there is only dubious quality control from production, which relies heavily on antibiotics and hormones, to the marketplace, which can be extremely unhygienic. Because of this, dietary changes that favour beef over fish may eventually compromise the quality of the local diet in addition to making it more expensive to obtain. It would be necessary to follow the dietary practices and preferences of this population for a longer period to conduct a long-term temporal analysis.
Elucidating the relationship between the local fishery and the local diet is another way to make evident the dependence of the community on fishing resources and illustrate seasonal changes. In our survey, fish consumption was strictly related to fish landings, varying only in the months in which a few trips had high returns in mass. It is likely that, in these cases, the catch was destined for sale and not for consumption. When we analyzed this same aspect using the main fish species present in fish landings, we observed that there was a close association between diet and occurrence of the species in fish landings, suggesting that consumption followed immediate availability, even if the fish were caught in great amounts. When a huge amount of fish is caught, the fisherman can sell or share the fish with the community, whereas it is possible to keep smaller amounts for a longer time. Such a choice, to eat or to sell, was previously observed in earlier studies along this coast, such as on Búzios Island (Begossi and Richerson 1993).
It is clear that fish consumption varies, in general, according to the catch, which means that fish are eaten when available. Despite that, fish consumption diminished, which, associated with data on meat preference, may suggest a lower abundance of fish at the location. Indeed, there is some evidence for this, because the CPUEs (capture per unit of effort) also changed during these periods (Lopes 2004) . Although some months had greater CPUEs in 2002-2003 than in 1992-1993 , the difference between the two periods was small. On the other hand, months that had greater CPUEs in 1992-1993 had up to a 30-fold difference. However, it should be noted that the author considered the differences statistically insignificant (Lopes 2004 ).
Measuring diet selectivity through diversity indexes is a way to measure one niche dimension of a given population. In the case of human populations, it is possible to establish their relationship with other organisms and the way in which the resources are used by estimating the degree of diet generalization or specialization (Begossi and Richerson 1993) . Our analyses demonstrated that, in the past, more species were consumed, but people consumed only some of them more frequently, suggesting that factors such as optimal choices, e.g., based on the availability of the most rewarding species, in terms of calories and handling time (Stephens and Krebs 1986) , and also food preferences might have influenced these selections (Hanazaki and Begossi 2000) . In the most recent period, the prevalence of some species is not as evident as in the past. This result agrees with the diet-breadth model, which states that the number of less-preferred foods should increase if the preferred ones become less abundant, leading to dietary generalization (MacArthur and Pianka 1966, Krebs and McCleery 1984) or a broader niche breadth. This may reinforce the observation that the broader niche breadth in 2002-2003 could be the outcome of a lesser abundance of the preferred species.
The prospect shown here goes beyond dietary and nutritional aspects because it reveals facets that can influence the maintenance of this and other communities undergoing similar processes. For example, we believe that the dietary study presented here helps to elucidate the ecological and economical processes within the Atlantic Forest Ecology and Society 11(2): 38 http://www.ecologyandsociety.org/vol11/iss2/art38/ coast that might affect the conservation of the artisanal fisheries along that coast (Begossi 2006) . The decrease in economic flexibility caused by the reduced diversity of income sources that resulted from the abandonment of fishing and agriculture could lower the ability of the ecosystem to resist external perturbation (Schläpfer and Schmid 1999) , facilitating the occurrence of changes in the system. The accelerated changes that this community is undergoing may eliminate behaviors that could be associated with local resilience (Begossi 2003) . However, the fact that the caiçara inhabitants continue to live in the Atlantic Forest while obtaining cash from other sources such as jobs outside the community may help strengthen local resistance and resilience. Even though the outcome for these communities is still unclear, history has shown that the caiçaras are relatively flexible when it comes to adapting to different economic and social cycles (A. Begossi, unpublished manuscript) , but this can be limited to how their resilience is affected. The results presented here seem to reinforce the point of view of Gross et al. (1979) , who note that, the harder it is for the inhabitants of a community to make a living through traditional means, the greater the extent of their market participation. Wherever communities are undergoing similar processes, market participation seems to be related to the restrictions imposed on the use of local resources or to a reduction in available resources, usually caused by external factors. This may be true for the Philippines (White et al. 2006) , Africa (Neiland et al. 2000) , Indonesian Malaysia (Siry 2006) , and other east coast or riverine areas in which there are still small local communities with traditional management systems living in environments of high biodiversity, but under strong pressure from factors such as forest products exploitation by outside enterprises, increasing tourism, or inappropriately enforced environmental laws. In these places, transitional processes are just the consequences of such pressures. Wherever we find outcomes that are satisfactory from a social and ecological perspective, it remains to be seen if these situations are stable, or if, after a longer period, social consequences such as internal stratification will lead to the dismantlement of such groups.
FUTURE INVESTIGATIONS
One point that deserves to be investigated in the future is related to an aspect observed only in [2002] [2003] : the consumption of cassava flour. This item was not an important meal constituent, although other studies have indicated that this food, together with fish, is one of the main staples of the caiçara diet Richerson 1993, Peroni and Hanazaki 2002) . This may be indicative of a trend among the caiçaras, especially those who have extensive contact with urbanized areas and/or are subjected to restrictions in cultivation methods, because this reduction in cassava flour consumption was also observed in other places (Hanazaki and Begossi 2003) . At present, restrictions on the use of traditional resources, the introduction of marketed foods, and contact with non-native people are usually considered important contributors to changing diet patterns (Kuhnlein 1992) .
CONCLUSIONS
Investigating the changes that are likely to take place in traditional societies in the future, such as the ones examined in this study, may be a relevant and simple tool that human ecologists can use to anticipate and, if necessary, prevent environmental losses. Furthermore, there are social consequences of such changes that may be relevant to politicy makers. The community of Puruba Beach is passing through a sequence of changes whose manifestations include the acquisiton of features similar to those of urban inhabitants, such as an effective reduction in fish consumption and an increase in the consumption of products acquired externally. Considering only their diet, this may be the outcome of easier access to industrialized food, although we have reason to believe, based on their meat preferences, that ecological factors rather than economic ones may be influencing the most recent changes. In spite of a slight preference for fish over beef, Puruba residents decreased their fish consumption and increased their beef consumption. Environmental factors, such as restrictions on the use of resources imposed by the park, the alteration of estuarine and mangrove habitats, and commercial fishing on the shore by outside fishermen, may account indirectly for part of these dietary changes. We cannot come to a conclusion about the nutritional aspects of the food shifts observed at Puruba Beach, because we did not evaluate the nutritional aspects of the changes observed, although we can speculate about conflicting future outcomes, such as the questionable benefits of consuming meat. We can definitely conclude that the caiçaras increased their dependence on commercialized products and decreased their use of local natural resources. The http://www.ecologyandsociety.org/vol11/iss2/art38/ less intensive use of resources brought about by working in the city, but residing in the village may be a way for the inhabitants to conserve the Atlantic Forest without being excluded from the ecosystem. Because government conservation initiatives seem far from ideal, Puruba's inhabitants may have found, although not consciously, a way to reconcile the sustainable use of local resources with their own local survival. We believe that the kind of changes observed here may be found in other caiçara groups and other societies, such as the caboclos and other Amazonian groups, as well as local communities in other tropical areas, such as many of the African and Pacific communities mentioned in the Discussion. However, the way that each one copes with such transformations may be different and depend on ecological, economical, and political factors, including environmental legislation. Dealing with such changes may be a necessary step in understanding and conserving sites with high biodiversity as well as the communities that depend upon local natural resources. 
